The aim of the present experiment was to compare silage prepared from maize having a 24 brown midrib (BMR) mutation with control (CTR) maize to identify their effects on enteric 25 methane emission, digesta mean retention time (MRT), ruminal fermentation and digestibility. 26
In addition, the utility of archaeol present in faecal samples was validated as a proxy for 27 methane production. Seven German Holstein heifers were fed total mixed rations with a 28 maize-silage proportion (either BMR or CTR) of 920 g/kg dry matter (DM) in a change-over 29 design. Heifers were fed boluses with markers to measure MRT; faeces was collected for 7 30 days and rumen fluid was collected on the penultimate day. Methane emission was measured 31 in respiration chambers on one day. Data were analysed by t-test and regression analysis. DM 32 intake did not differ between the two diets. The apparent digestibility of DM and most 33 nutrients was unaffected by diet type, but apparent digestibility of neutral and acid detergent-34 fibre was higher in those heifers fed BMR than in those fed CTR. Comparisons between diets 35 revealed no difference in particle or solute MRT in the gastro-intestinal tract and the 36 reticulorumen. Concentrations of short chain fatty acid and ammonia in rumen fluid and its 37 7 154
Rumen fluid sampling 155
On day 13 of the experimental period, rumen fluid (approx. 300 mL) was collected in a 156 thermos bottle via an oesophageal tube at 1015 h, 3 h after morning feeding. Rumen fluid was 157 strained through four layers of gauze (1-mm pore size) and analysed for pH and ammonia 158 concentration. For details see section 2.5. Rumen fluid was stored frozen at -20 °C until 159 analysis of short chain fatty acids (SCFA). 160 161
Measurement of enteric methane emission 162
During the 25-day preliminary period, all animals were halter-trained and adapted to the 163 respiration chambers via three stays for several hours without measurement. On day 11 of the 164 experimental period at 1500 h, cows were transferred to open-circuit respiration chambers at 165 an ambient temperature of 15 °C, 60% relative humidity and light cycle ranging from 0600 166 1900 h (for more details, see Derno et al. 2009 ). The 24-h measurements of individual 167 methane production were started on day 12 of the experimental period at 0700 h (16 h after 168 transfer to the chambers). Methane concentrations of ingoing and outgoing air were analysed 169 by infrared-absorption (UNOR 600, Maihak, Hamburg, Germany) at time intervals of 6 min. 170
Air flow through the chambers was recorded with a differential-pressure type V cone flow 171 meter (McCrometer, Hemet, CA, USA). Cows were fed ad libitum with equal-sized offers of 172 feed at 0700 and 1500 h. Feed intake was determined by feed-weight reduction as measured 173 by a scale connected to an electronic registration device. Cows had free access to water, and 174 water intake was recorded by water meters. Average body weight was calculated from 175 measurements directly before and after animals were transferred to respiration chambers. 176
Samples of TMR, refusals and faeces were freeze-dried for nutrient analysis. From the TMR 179 offered, eight samples (4 periods • 2 silage types) were analysed. Samples of ground feed 180 refusals and faeces from days 8 14 of the experimental week were pooled, resulting in two 181 samples per animal, and diet. Samples were ground through 1-mm round-hole screens with a 182 rotary cutting mill (Brabender, Duisburg, Germany). All analyses, except for archaeol, were 183 made in duplicate. DM contents of the composited samples were determined by drying a 184 subsample at 103 °C to constant weight. Samples were ashed in a muffle furnace at 600 °C to 185 obtain total ash. Total ash was analysed for AIA content by treatment with hydrochloric acid 186 To calculate the variables describing digesta passage through the digestive tract, faecal marker 236 content was corrected for the highest level of the baseline content of Co and Cr in the faeces 237 collected prior to marker application. In some animals, faecal marker content did not decline 238 to the baseline level but declined in small steps to a slightly elevated level. Therefore, faecal 239 marker content below 1% of peak content was set to 0 (adapted from Bruining and Bosch 240 1992) to avoid an artificial apparent increase in absolute terms in passage measures. 241
MRT of the digesta in the total gastrointestinal tract (GIT) was calculated according to 242 Thielemans et al. (1978) . This method calculates the area under the excretion curve and 243 defines MRT as the time that separates the total area under the excretion curve into two equal 244 parts: 245 between diet types. However, the digestibility of NDF and ADF was higher (p < 0.05) in 283 BMR-fed versus CTR-fed heifers (Table 2) . Silage type had no effect on water intake (BMR: 284 16.0 ± 5.8 vs. CTR: 14.7 ± 4.9 l, p = 0.25). 285
Although the maize-silage type had no effect on N intake (Table 2) 
Ruminal fermentation characteristics and digesta passage time 293
Groups did not differ in ruminal pH, ammonia concentration, total SCFA concentration, 294
proportions of acetate, iso-butyrate, valerate and caproate in total SCFA nor in 295 acetate:propionate ratio (Table 3) . However, in the rumen fluid of BMR-fed cows, the 296 proportion of propionate in total SCFA was higher compared to that of CTR-fed cows, and 297 the proportion of iso-valerate was lower. In addition, there was a trend (p < 0.1) toward a 298 higher butyrate proportion. 299
Figure 1 presents a typical excretion pattern of passage markers. Irrespective of the 300 maize-silage type fed, on average, particle MRT in the GIT and RR were 12 hours longer than 301 that of solute MRT, resulting in a SF of 1.5 1.8 (Table 4) . However, comparison between 302 diets revealed no differences in particle or solute MRT in the GIT and RR or in the respective 303
SF. 304 305

Enteric methane production and faecal archaeol excretion 306
Absolute methane emissions [l/d] and emissions relative to kg DMI or kg OM digested were 307 not affected by maize-silage type (Table 5 ). However, there was a trend (p < 0.1) towardlower methane emissions in BMR-fed cows than in CTR-fed cows when data were expressed 309 as l/kg NDF digested. The maize-silage type had no effect on the amount of archaeol excreted 310 daily with the faeces (Table 5) . Accordingly, silage type had no effect on methane production 311 either per unit of archaeol content or per unit of archaeol amount excreted (Table 5) 
Intake 337
The effect on DMI of feeding BMR instead of conventional maize was not entirely clear. On 338 the day when the animals were in the chambers, DMI was significantly higher, but during the 339 experimental week, the small difference (9.9 vs. 9.2 kg/d) was numerical only. The majority 340 of studies comparing BMR and CTR maize silage used lactating cows, and maize silage was 341 not fed separately but as part of a mixed ration. These studies (e. However, in the present study, the 7.5% increase in NDF digestibility with BMR did not lead 408 to an increase in DM and OM digestibility and, thus, did not lead to faster clearance of digesta 409 from the rumen (shorter passage time). Accordingly, other nutrients would have to be digested In the present study, ADF digestibility of the CTR diet was lower (p = 0.023) than 420 NDF digestibility. However, in BMR-fed cows, ADF digestibility was higher (p < 0.001) than 421 NDF digestibility by 1.8% on average, which is unexpected due to the higher proportion of 422 lignin in ADF. Numerically higher ADF digestibility than NDF digestibility has been 423 observed in other studies of dairy cows, as reported in a meta-analysis of Gorniak and 424 (2011), no regression analysis was given. Obviously, correction for intake is necessary to 504 ensure relationship of faecal archaeol content to methane production. This fits well with the 505 fact that intake is the major driver of methane production and, therefore, must be incorporated 506 into the regression. Self-evidently, the current regression needs to be complemented with 507 more data to validate this first data compilation of individual measurements. 508 Nonetheless, methodological differences between studies should be noted. In the 509 present study, archaeol analysis was carried out in a comparatively larger quantity of sample 510 
